, with higher levels of monitoring protecting against, and lower levels of monitoring elevating, the risk for early use. Elevated rates of illicit substance use (primarily cannabis use) are also observed in adolescents reporting lower levels of parental monitoring (Hemovich et al., 2011; Ramirez et al., 2004; Stanton et al., 2002; Steinberg et al., 1994; Van Ryzin et al., 2012; Wang et al., 2009; White et al., 2006; Wright & Fitzpatrick, 2004) . The association between substance use and parental monitoring during adolescence appears robust and remains significant into the young adult years for alcohol (Abar et al., 2014; Arria et al., 2008; Walls et al., 2009 ) and cannabis (Pinchevsky et al., 2012; White et al., 2006) .
Although parental monitoring is a well-established correlate of adolescent substance use, whether its observed association with alcohol and other drug use can be attributed specifically to monitoring, rather than related protective and risk factors, is unclear. Deviant peer affiliation is a wellknown risk factor for adolescent substance use (D'Amico & McCarthy, 2006; Korhonen et al., 2008; van den Bree & Pickworth, 2005; Wang et al., 2009 ) that is also associated with lower levels of parental monitoring (Ary et al., 1999; Flannery et al., 1999; Miranda, Jr. et al., 2013; Tornay et al., 2013) . Similarly, parental substance use disorders, which confer both genetic and environmental risk for adolescent substance use, are associated with poor parenting (Chassin et al., 1993; Jacob & Johnson, 1997) . Disentangling parental monitoring effects from correlated factors that are also associated with early substance use requires an analytic approach that can account for this clustering.
The strategy implemented in the current study, propensity score analysis (PSA; Green & Stuart, 2014; Rosenbaum, 2010; Rosenbaum & Rubin, 1983; West et al., 2014) , achieves this aim by creating subsamples matched on a liability indicator (i.e., propensity) to initiate alcohol, tobacco, or cannabis at an early age, using as predictors familial and neighborhood factors (i.e., background characteristics) associated with low parental monitoring. PSA was developed to allow tests of causal hypotheses without dependence on strong linear statistical model assumptions, for situations where randomized experimentation was not possible. These methods have been successfully applied in prior research on early-onset substance use (e.g., Odgers et al., 2008; Waldron et al., 2014 ). In the current study, we used both logistic regression and PSA to control for the confounding effects of correlated background characteristics, the latter to confirm our confidence in the specific contribution of parental monitoring to early use of alcohol, tobacco, and cannabis.
The role of race/ethnicity
Numerous studies examining parental monitoring and substance use outcomes include individuals from various racial/ethnic minority groups (Byrnes et al., 2011; DiClemente et al., 2001; Fang et al., 2011; Klima et al., 2014; Marsiglia et al., 2012; Reifman et al., 1998; Stanton et al., 2002; Strunin et al., 2013; Tobler & Komro, 2010) , and despite some evidence of lower parental monitoring levels in African American (AA) than European American (EA) families (Bird et al., 2001; Griesler & Kandel, 1998; Mahabee-Gittens et al., 2012) , racial/ethnic differences in the degree of association between parental monitoring and early substance use have not been consistently reported (c.f., see Bohnert et al., 2009) .
However, the evidence for differences between EA and AA individuals in patterns of substance use initiation is consistent. In addition to the lower prevalence of lifetime alcohol and cigarette use in AA individuals (Ellickson et al., 2004; Grucza et al., 2008; Heath et al., 1999; Scarinci et al., 2002; Vega et al., 2007) , recent work by our group has revealed more nuanced distinctions in the course of alcohol, tobacco, and cannabis use. Duncan et al. (2012) reported a later age at first cigarette and a slower transition time from first cigarette to nicotine dependence onset in AA versus EA participants. In another study, we found a higher lifetime prevalence of cannabis use in AA versus EA women; interestingly, no difference in age at initiation of cannabis use was observed, but age at first drink was significantly older in AA versus EA women (Sartor et al., 2013) . Furthermore, consistent with the few prior studies examining racial/ethnic distinctions in substance use initiation sequence (Guerra et al., 2000; White et al., 2006) , AA women were more likely than EA women to initiate the use of cannabis before alcohol (Sartor et al., 2013) .
Despite the absence of findings specifically on differences by race/ethnicity in the influence of parental monitoring on early substance use, the distinctions in the pathways to first use of alcohol, tobacco, and cannabis suggest that the relative influence of various psychosocial factors on initiation of these substances may differ between AA and EA individuals. A more rigorous approach accounting for co-occurring factors than has been applied in existing studies may uncover previously undetected differences.
Current study
The aim of this study was to examine the association between parental monitoring and early substance use separately in EA and AA girls. We hypothesized that lower levels of parental monitoring would be associated with an increased risk of early substance use in both EA and AA girls in logistic regression analyses. In addition, we hypothesized that respondent-reported parental monitoring would remain associated with early substance use when modeled using a propensity score approach applied separately for EA and AA girls. Our study extends the existing literature by controlling for familial and neighborhood factors that are associated with parental monitoring, which may differ by racial/ethnic group. Stratifying by race/ethnicity allowed us to evaluate the relationship between early use of each substance (i.e., alcohol, tobacco, and cannabis) and low parental monitoring among EA and AA girls separately. This is the preferred method when a minimal number of subsamples are examined (Green & Stuart, 2014) over the approach of creating a large number of interactions between race/ethnicity and other covariates. Understanding mechanisms by which low levels of parental monitoring are associated with early substance use within distinct racial/ethnic groups will be useful for tailoring prevention and intervention programs for high-risk individuals.
Method

Participants
Participants were twins from the Missouri Adolescent Female Twin Study (MOAFTS) (Heath et al., 1999 (Heath et al., , 2002 Knopik et al., 2005; Waldron et al., 2013 ), a populationbased longitudinal study of female twin pairs identified from state birth records and born between July 1, 1975, and June 30, 1985 , in Missouri to a mother who was a state resident. Twins were recruited using a cohort sequential sampling design, with ascertainment of successive 6-month cohorts of 13-, 15-, 17-, and 19-year-old twin pairs over a 2-year period and continued recruitment of 13-year-olds over 2 additional years. The sample was demographically representative of the Missouri population at the time the twins were born, with nearly 15% of twins being AA and the remainder being of European descent. A baseline interview was conducted with the twins beginning in 1995 (Mdn age = 15 years). When possible, interviews were also conducted with at least one parent (usually the mother) at the time the twins entered the study. The Wave 4 young adult follow-up interview was conducted an average of 6 years after the baseline assessment (Mdn age = 22 years). Because all members of the target cohort were 18 years of age or older at follow-up and study participation was no longer contingent on parental consent, all individuals from the original sampling frame were invited to participate at Wave 4, even if they had not participated at baseline. Only those twins who themselves refused future contact or whose parents had refused all future contact with family members were excluded from being recontacted at Wave 4. Measures for this project also included a questionnaire at the Wave 4 follow-up. Approximately 2 years after completing the Wave 4 interview, participants were invited to take part in the Wave 5 interview (Mdn age = 24 years). All twins 18 years old or older gave informed consent before study participation. Parental consent and assent for the twins were obtained before participation in interviews conducted when twins were younger than 18 years. The protocol was approved by the Washington University School of Medicine Institutional Review Board.
Data for the present study were drawn primarily from Wave 4, which had the largest sample size of all waves of data collection and included detailed assessments of both substance use and parental monitoring. The sample for the current study was composed of 3,656 individuals (EA = 3,133; AA = 523), out of a total of 4,407 individuals with at least one wave of interview data. Of this sample, all participants had Wave 4 data, 2,766 individuals had Wave 1 interview data (EA = 2,453; AA = 313), and 3,265 had Wave 5 interview data (EA = 2,807; AA = 458). Parental Wave 1 interview data were available for the majority of individuals (n = 3,029; EA = 2,673; AA = 356). A detailed summary of response rates can be found elsewhere (Waldron et al., 2013) .
Measures
Parental monitoring. Twin-reported parental monitoring was assessed from the Wave 4 questionnaire using an adaptation of the Parental Monitoring Scale (Silverberg & Small, 1991) , a well-validated scale with high reliability (Li et al., 2000a (Li et al., , 2000b . The original scale consists of six items rated Item wording from the original scale was altered by phrasing questions in the past tense and inserting "When I was 17" at the start of each question, as participants were 18 years or older at the time of assessment. Item responses were summed to create a continuous score using the combined EA and AA sample, and, because of the high skewness of the distribution, it was broken into quartiles. Low parental monitoring, defined as the lowest 25% on the parental monitoring score distribution, was used as the predictor for substance use based on its association with early initiation in prior literature. Although measures of parental monitoring at earlier ages would be ideal, given the demonstrated continuity in parental monitoring across early, middle, and late adolescence in prior studies (Li et al., 2000b; Van Ryzin et al., 2012) , monitoring at age 17 years was expected to provide a reasonable index of parental monitoring across adolescence.
Early substance use. Substance use information was collected by telephone interview via an adaptation of the Semi-Structured Assessment for the Genetics of Alcoholism (Bucholz et al., 1994) (American Psychiatric Association, 1994) . In addition to diagnostic criteria for substance use and other psychiatric disorders, the interview queried histories of substance use, including age at first use of alcohol, tobacco, and cannabis. Early use of each substance was defined as the lowest 25% of the distribution for age at first use (based on the earliest age reported at Waves 1, 4, or 5), thus capturing early use relative to same-sex peers in the same birth cohort. Lifetime alcohol use was defined as ever consuming a full alcoholic beverage; for tobacco or cannabis use, it was defined as ever smoking a cigarette or using cannabis, respectively. Using the full sample, for each substance, individuals who fell into the lowest quartile for age at initiation were designated as early users, yielding a cutoff for early use of age 14 years or younger for alcohol and cannabis and age 11 years or younger for tobacco.
based on the Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition
Control variables. Birth cohort was represented as a continuous variable using the respondent's birth year, where twins born in 1975 were coded 0 and those born in 1985 were coded 9. This measure was included as a covariate instead of age at the time of assessment because we included information from multiple waves of data in the analyses.
Propensity score creation. In preliminary analyses, the association between low parental monitoring and each of the following sociodemographic variables was tested: fam-ily structure (e.g., child separation from parent[s], parental divorce, or parents never married, compared with parents continuously married); parental alcohol history, including maternal, paternal, and twin reports (e.g., maternal/paternal alcohol problems, abuse, or dependence, and maternal/ paternal drinking in front of twin during childhood); maternal and paternal education levels (less than high school diploma, high school, and some college, compared with 16 years or more of education); and the presence of older siblings (including full, half, step, or adopted siblings). Five sets of 1990 census-derived variables, using the twin's birth address geocoded to census tract (or zip code where assignment to census tract could not be achieved) that captured neighborhood factors were also tested for their prediction of low parental monitoring: neighborhood income, neighborhood poverty rate, neighborhood family disruption, neighborhood education, and rural or urban location. For all neighborhood variables other than rural/urban, a series of dummy variables was used to create quartiles, with the three higher-risk quartiles compared with the lowest-risk quartile; urban/rural had only three levels and, thus, only two dummy variables. In each of these preliminary models, the lowest risk group (typically the most prevalent) was the referent group. If any covariate within a group of indicators was significantly associated with low parental monitoring (p < .05), the whole group of indicators was retained and included in covariate-adjusted logistic regression models; these same indicators were used to estimate a predicted probability of low parental monitoring (propensity score) for each individual. For both EA and AA girls, a five-level categorical variable was computed from their separately derived continuous scores, with each level containing approximately 20% of the distribution.
Statistical analyses
Data preparation and preliminary analyses were conducted in SAS (SAS Institute Inc., Cary, NC). STATA (StataCorp LP, College Station, TX) was used to perform logistic regression and PSAs. Given the clustered nature of our data, for all analyses, we applied a Huber-White estimator to adjust standard errors for the non-independence of twin-family data (StataCorp LP, College Station, TX). Data analyses proceeded in two steps, each conducted separately for EA and AA participants. First, logistic regression analyses were used to examine the association between low parental monitoring and early substance use without and with covariate adjustment. Next, consistent with earlier work (e.g., Waldron et al., 2014 Waldron et al., , 2015 , PSA was conducted to compare adolescents who reported low parental monitoring (lowest 25% within racial/ethnic group) and those who reported higher parental monitoring (upper 75%) based on their predicted probability of experiencing low parental monitoring. PSA is a statistical technique that can be used to reduce bias from confounding variables by matching groups on a range of highly correlated risk factors presumed to predate exposure (Green & Stuart, 2014; Rosenbaum, 2010; Rosenbaum & Rubin, 1983; West et al., 2014) , in this case, to low parental monitoring. The predicted probability of low parental monitoring was estimated using logistic regression in STATA and categorized into quintiles. Within-quintile tests of the association between self-reported low parental monitoring and each of the background characteristics (used to estimate probabilities) were conducted to confirm that the parental monitoring groups were indeed matched on background characteristics. If matching was successful, we subsequently tested whether early substance use was associated with the parental monitoring group, also within quintiles. To the extent that earlier substance use was observed in twins reporting low versus higher monitoring across strata, we have increased confidence in logistic regression findings and, more broadly, the specificity of risk from parental monitoring.
Results
Substance use and low parental monitoring by race/ ethnicity
As shown in Table 1 , EA girls were more likely than AA girls to have ever used alcohol and tobacco, but there were no racial/ethnic differences in cannabis initiation. EA girls had their first full drink of alcohol significantly earlier than AA girls, but there were no racial/ethnic differences in the mean age at first use of tobacco or cannabis. A higher proportion of EA than AA girls reported early alcohol use (before age 15), but rates of early tobacco use (before age 12) and early cannabis use (before age 15) did not differ significantly by race/ethnicity. A significantly higher proportion of AA than EA girls reported low parental monitoring.
Logistic regression analyses
Odds ratios (ORs) from unadjusted and adjusted logistic regression analyses are presented in Table 2 for both EA and AA twins. For both EA and AA twins, low parental monitoring was associated with a significantly increased risk of early alcohol use (age 14 years or younger), with the ORs of 2.70 and 2.39, respectively, in the adjusted models only slightly different from the unadjusted models. For both groups, the effect was weakest for early tobacco use (age 11 years or younger), with the adjusted model remaining significant for EAs (adjusted OR = 1.94), but failing to reach significance in the smaller AA sample (OR = 1.77). Low parental monitoring was most strongly associated with early cannabis use (age 14 years or younger), with the ORs somewhat reduced in the adjusted model for EA girls (OR = 3.51) but not in the AA adjusted model (OR = 4.45).
Propensity score analyses
For both EA and AA groups, significant indicators included family structure, parental alcohol history, and the presence of older siblings. For EA girls, additional indicators included parental education level and the geocoding variables for neighborhood income, education, and poverty. Within-quintile comparisons of EA background characteristics are shown in Table 3 . The prevalence of reported low parental monitoring ranged from 11% in the 0-20th percent quintile (lowest risk quintile) of the propensity score distribution to 39% in the 81st-100th percent quintile (highest risk quintile). Within quintile, there was excellent matching on all background characteristics, with a significant difference between the lowest 25% and the top 75% reported parental monitoring groups only observed for the 61st-80th percentile risk stratum (i.e., those at moderately high predicted risk for low parental monitoring) on the medium-high income quartile (only 9% of the low reported monitoring group were in the medium-high income category, whereas 16% of the higher parental monitoring participants were in this income category). Thus, the PSA matching was successful for the EA families.
Within-quintile comparisons of AA background characteristics are shown in Table 4 . The prevalence of low parental monitoring ranged from 9% in the 0-20th percentile quintile of the propensity score distribution to 59% in the 81st-100th percentile quintile. Although matching was generally achieved for parental marital status (only one significant difference for this measure, with the low parental monitoring group having significantly more participants whose parents had never married), matching was not achieved for the presence of older siblings (three of five within-quintile comparisons were statistically significant). In addition, zero-cells in both the maternal and paternal history of alcohol problems measures prevented these measures from being testable in Notes: 95% confidence intervals in brackets. a Unadjusted models controlled for birth cohort; adjusted models controlled for birth cohort and all measures that contributed to the European American propensity score (family structure, paternal and maternal alcohol history, parental education level, presence of older siblings, and the geocoding variables for neighborhood income, education, and poverty; b unadjusted models controlled for birth cohort; adjusted models controlled for birth cohort and all measures that contributed to the African American propensity score (family structure, paternal and maternal alcohol history, and presence of older siblings). *p < .05.
one or more quintiles. Given the poor matching of the AA sample on the background characteristics, no additional analyses comparing early versus later users were conducted for AA girls. Given that EA girls were well matched on family background characteristics, we proceeded with tests of whether early substance use was associated with low parental monitoring within quintile of the predicted probability of low parental monitoring. As shown in Table 5 , low parental monitoring was associated with early alcohol use in all quintiles, with the proportion of early alcohol use increasing from the lowest predicted probability quintile (0-20th percentile, where 35% of those who reported low parental monitoring also reported early alcohol use and a significantly lower 14% of those in the higher parental monitoring group reported early alcohol use) to the 81st-100th percentile quintile (where 51% of those who reported low parental monitor- Notes: Referent categories were married, no maternal/paternal history of alcohol problems, education 16 years, no older sibling, and highest neighborhood income quartile. *Indicates that within propensity score quintile, the lowest 25% and upper 75% twin-report-based parental monitoring groups differed significantly at p < .05.
ing also reported early alcohol use, and a significantly lower 32% of those who reported higher parental monitoring also reported early alcohol use). Results were generally similar for both tobacco and cannabis, with the rate of early substance use increasing from the lowest predicted probability quintile (0-20th percentile) to the 81st-100th percentile quintile for both substances, and with the within-quintile comparisons reaching statistical significance for three of five comparisons each. For early tobacco use, low parental monitoring was associated with higher rates of early tobacco use for the 0-20th percentile, 41st-60th percentile, and 81st-100th percentile comparisons, with p = .12 for the 21st-40th percentile comparison. For early cannabis use, low parental monitoring was associated with higher rates of early cannabis use for the 41st-60th percentile, 61st-80th percentile, and 81st-100th percentile comparisons, with p = .10 for the 21st-40th percentile comparison. Notes: Referent categories were married, no maternal/paternal history of alcohol problems, and no older sibling. a The test was not calculable for 0-20th percentile, 21st-40th percentile, and 41st-60th percentile predicted probability groups because there were not two or more groups in which both the top 75% and low 25% observed parental monitoring groups had nonzero cells; b the test was not calculable for 0-20th percentile predicted probability group because there were not two or more groups in which both the top 75% and low 25% observed parental monitoring groups had nonzero cells. *Indicates that within propensity score quintile the lowest 25% and upper 75% twin-report based parental monitoring groups differed significantly at p < .05.
Discussion
We investigated the association between low parental monitoring and early substance use among EA and AA adolescent girls, first using logistic regression analyses that adjusted for correlated psychosocial risk factors and then using PSA to identify the independent association between low parental monitoring and early substance use. Although a higher proportion of AA than EA girls reported low parental monitoring, a lower proportion of AA girls reported early alcohol use, and there were no differences by race/ethnicity in the prevalence of early initiation of tobacco or cannabis use. Consistent with prior studies linking low parental monitoring during adolescence to early substance use (Habib et al., 2010; Hemovich et al., 2011; Jackson & Schulenberg, 2013; Latendresse et al., 2008; Steinberg et al., 1994; Van Ryzin et al., 2012; Wang et al., 2009; White et al., 2006; Wright & Fitzpatrick, 2004) , for both EA and AA girls we found an association between low parental monitoring and increased risk of early alcohol, tobacco, and cannabis use across race/ ethnicity using logistic regression analyses. With the exception of early tobacco use by AA girls, estimates from logistic regression models remained significant after controlling for background factors likely to be associated with low parental monitoring (e.g., parental marital status and parental alcohol problems, having an older sibling).
For EA girls, our confidence in the logistic regression results increased when we conducted PSA. Here we obtained excellent matching on key covariates across predicted probability of low monitoring and found strong evidence, across all PSA strata, that twin-reported low parental monitoring was significantly associated with an increased risk for early alcohol use, thus supporting the independent association of low parental monitoring with early alcohol use. Similar patterns were observed for both early tobacco use and early cannabis use by EA girls, although associations were statistically significant only in the higher PSA strata for early cannabis initiation.
For AA girls, matching on background characteristics was not consistent, with the presence of cells with no observations being especially problematic for both maternal and paternal alcohol history measures. Poor matching was also an issue for having an older sibling, where within three of five strata, self-reported low parental monitoring differed significantly from the higher 75%, indicating that the low and higher monitoring groups were not matched on this background measure. Consequently, we did not conduct within PSA-quintile tests of early versus later substance use by AA girls as a function of self-reported low parental monitoring. PSA findings for AA girls raise questions about the interpretability of the logistic regression analyses presented in Table  2 for the AA girls, and the specificity of risk from parental monitoring more broadly in this racial/ethnic group. Findings further suggest that caution should be used in assuming the same psychosocial risk and protective factors apply to both AA and EA adolescents. Future research with a larger AA sample size would increase statistical power, which was limited in the present report by the smaller number of AA participants. Increased statistical power would enhance the PSA by increasing numbers for the risk strata and thereby improving the likelihood of successful matching, and would also aid in the assessment of the extent to which low parental monitoring is indeed associated with earlier-onset substance use among AA girls.
In addition to the reduced power for the AA sample, our study has several limitations that should be noted. First, parental monitoring was retrospectively reported by adolescents and referred specifically to parenting behaviors when the participant was 17 years of age, whereas our early substance use outcomes examined the use of alcohol and cannabis before age 15 years and tobacco before age 12 years. Although research suggests moderate to strong continuity of parental monitoring across early, middle, and late adolescence (Li et al., 2000b; Van Ryzin et al., 2012) , there is the possibility that parental monitoring was not consistent across adolescence and may even have increased (or decreased) in response to early substance use. Given that increases in monitoring behaviors by the parents of early users might reduce the association between parental monitoring and early substance use, that parental monitoring was a significant predictor of early use suggests that the true effect size may have been underestimated in our analyses. An additional limitation regarding our assessment is that participants could have recall bias for parental monitoring at age 17. Prospective longitudinal studies that query monitoring more frequently, and beginning during very early adolescence, would help to clarify issues regarding directionality, peer effects versus peer selection, rater effects, and recall bias. Finally, these findings reflect data from females only, and additional work is needed with male samples to determine their generalizability.
Although our analytic approach allowed us to examine the specificity of early substance risk associated with low parental monitoring, the use of propensity scores is also not without limitations (see Austin, 2011; Biondi-Zoccai et al., 2011; Shah et al., 2005) . Especially pertinent to the present analyses, PSA cannot balance groups on unobserved covariates. Our findings are therefore limited to analyses derived from background characteristics available in the current data set. Although we limited PSA to risk factors significantly related to self-reported low monitoring and conducted PSA separately for EA and AA girls, future studies should consider other additional important risk and protective factors such as religiosity, the presence of alternate parent figures, other parent-child relationship characteristics, and deviant peer affiliation. In addition, our within-quintile PSA do not take into account the fact that the propensity scores were estimated rather than known.
In summary, the present study extends previous research by using both logistic regression and PSA to identify the remaining unique association between low parental monitoring and early substance use above and beyond other correlated characteristics. Our results highlight the role of parental monitoring in adolescent substance initiation, at least among EA girls. Future studies using larger samples of AA girls and of other racial/ethnic groups and males are critical. As a modifiable behavior (Dishion & McMahon, 1998) , low parental monitoring is an important target for prevention efforts. Replication in more diverse samples, including males, would provide additional support for the potential of preventive interventions with parents to reduce the risk for early substance use. 
